C. COASTAL CALIFORNIA METEOROLOGY
California Coastal Waters have been defined as that area between the
California coastline and a line starting at the California - Oregon border at

the Pacific Ocean

thence

to 42.0° 125.5°N
thence to 41.0°N 125.5°N
thence to 40.0°N 125.5°W
thence to 39.0°N 125.0°W
thence to 38.0°N 124.5°W
thence to 37.0°N 123.5°W
thence to 36,0°N 122.5°W
thence to 35,0°N 121.5°W
thence to 34.0°N 120.5°W
thence to 33.0°N 119.5°W

to 32.5°N W

°
—
—
o]
o
°

“thence .
- and ending at the California-Mexico border at the Pacific Ocean. The
California Coastal waterS are shown on Figure VI-6.

The line describing California Coastal Waters does not form a political
boundary but it is useful in describing the fate of pollutants emitted off the
California coast. The definition of California Coastal Waters was deve1oped

by the ARB meteorology staff and was origfnally presented as Appendix A to the

ARB staff report, Status Report Regarding Adoption by Local Air Pollution

Control Districts of Rules for the Control of.Emissions from Lightering

Ogerations, February 23, 1978; California Coasta]'waters as,défined above is
the area offshore of California within which pollutants are ]ikely to be
transported ashore and affect air quality in California's coastal air basins,
particutarly during the summer. Pollutant emissions released somewhat to the
west of these waters in summer are likely to be transported southward,

parallel to the coast. Most coastal marine traffic passes 3 to 15 miles from
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FIGURE VI-6

CALTFORNIA COASTAL HATERS

—
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-
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Source

Air Resources Board staff.
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the coast, well within the boundaries of California Coastal Waters. Emissions
released well west of these waters are likely to be transported southwestward,
away from the coast.

Development of the oefinition of California Coastal Waters is based on
over 500,000 istand, shipboard, and coastal meteorological observations. -
These data were taken from official records of a number oongencies including
the U.S. Weather Bureau, Coast Guard, Navy, Air Force, Marine Corps, Civil
Aeronautics Administration and Army Air Force (see pages 11 and 12 of Appendix
H-1).

. WOGA Comment: WOGA does not accept the State's definition of
Calfornia Coastal Waters for the reasons outlined in its legal
position paper in Appendix B.

The development of the definition for California Coasia] Waters is discussed |
in detail iu Appendix H—l : The primary meteorological features of the
California coastal- areas that cause pollutants emitted within Ca11forn1a
Coasta] Waters to be transported ashore are discussed below.

1. Pac1f1c H1gh Pressure Cell

» The North Pac1f1c hlgh pressure cell (ant1cyclone) is the dominant
_1nfluence on the weather and cllmate of the eastern North Pac1f1c Ocean and
nezghbor1ng land areas in middle latitudes, part1cular1y during the summer.
It is aveemi;permanent feature of the large scale atmospheric circulation
‘pettern'inrthe.northern hemisphere and consists of an extensive deep mass of
air rotatihg in a CIOCkwise direction and covering much of the North Pacific
Qcean throughout the year,— a1/
The basic cause of this circulation feature is the large scale therma1
dlfference between adjacent water and land masses in middle latitudes. 27/

During summer, the water mass is much cooler than the neighboring land mass.
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Through conduction and mixing, the air above the water is cooled and its
density is increased thus producing a vast high pressure cell. In addition,
air from the Equator enters the system aloft to provide additional support.for
high pressures. East of the ocean; the warm land increases the air
temperature and consequently the air becomes less dense resulting in the
formation of a large Tovaressure.cell or thermal Tow. The positive
differential of pressure from oceah_and land causes a gigantic interchange of
air. The wérming air aboue the 1end surfaces rises and is replaced at low
levels by cooler air moving onshore from the Pacific Qcean. A further
interchange takes place aloft where air sinks in the Pacific high to replacé
the air that moved onshore. The-sihking air in turn is replaced aloft by air
from the tropics. | _ |

Because sfnking (subsiding) air over the ocean is warmed by compression,
it becomes warmer at lower levels than the air in the marlne layer next. to the
ocean surface. The subsidence thus ‘produces a strong perSIStent vertical
temperature 1nvers1on which is another dominant feature of the Pacific
high.2Z/ | |

The Pacific high is strongest and most exten51ve in the summer when the
‘temperature d1fference between ‘the ocean and land is greatest. As the seasons
- progress and the sun moves southward thlS ocean-land thermal d1scont1nu1ty
lessens and is dtsplaced tormore souther]y.latitudes as- northern lands cool.
‘This tends to weakeh the Pacffic high celi and causes ft to move southward.
The arrival of winter storms in middle latxtudes also keeps the Pacific high
somewhat suppressed thus reducing its 1nf1uence in middle Tatitudes during

winter =~ 21/

The average extent and location of the North Pacific anticyclone
for the mid-summer and mid-winter months of July and January (seasonal

extremes) are shown in Figures VI-7 and VI-8 respectively.
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2. Coastal California Predominant Wind Flows

The North Pacific high pressure cell produces a predominantly north-
westerly flow of marine air over California Coastal Waters. This large scale
ciréulation pattern is modified to a more westerly flow by continental ;
influences as the air approaches the coast of Ca]ifornia.gzj Table VI-5 |
" presents a summary of windflow direction frequencies measured at various
locations along the California coast. The table shows that onshore windflows
predominate during the spring, summér, and fall at all locations. The table
a]sobshows that the percentage frequency of offshore winds exceeds onshore
winds in the winter at Vandenburg Air Force Base, Point Mugu, and Los
Angelés. ‘The greater overall frequency of onshore winds indicates a net
" transport of marine air, fnc}uding the.pollutant content of such air, into
coastél air basins. This can be seen graphically in Figures‘VI-9band VI-10
which showvthe predominant summer wind flow patterns along the coast of
northghn California and southern balifornia respectively.

3. Land/Sea Breezes

The large scale clihato1qgica1vwind flows along the Califofnia coast as
discusséd_abbve are modified by the effects of local 1aﬁd/sea breeze
. circu]ations.  In effect, the local daytimeISea breeze enhancesAthe'
]argeéscalefohshore‘qomponent bf the wind while the nighttime land breeze
vretafds or on occasion reversés the flow.zg/ Table VI-6 presents seasonal
resultant winds by time of day for Oakland and Point Mugu Naval Air Station
(NAS)vlocated just soufh of Oxnard. The table ;hows thg inf]uencés of the
land/sea breeze circulations and shows that the onshore winds are generally

stronger than offshore winds, a further indication of the transport of
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TABLE VI-5

Wihdflow'Diréctiqn Frequencies in Coastal Areas of California

Direction
of :
Station Wind Flow Seasonal Frequency in Percent }
Springd/ Summerd/ Falle/ Winterd/ Annual |

Oakland Onshore 75% - 83% 62% 47% 67%
Of fshore 20% 13% 27% 42% 25%
Calm ‘ 5% 4% 11% 11% 81
Vandenbers AFZ | Onshore 645 692 483 34% 543
Offshore 247 9% 32% 53% 29%
Calm 12% 22% 20%. 13% 17%
Santa Barbara | Onshore 50% 62% 441 32 471
Of fshore 26% - 21% 29% 24% 25%
Calm . 24% 17% 27% 44% 28%
Point Muqu NAS | Onshore ©57% 59% 1% 31% 47%
Of fshore | 28% 21% 41% 54% 36%
Calm ' 15% 20% 18% ‘ . 15% 174
Los Anyeles Onshore 68% 8l%  60% 43% . 63%
t Offshore - 30y 16% 36  53% 34%
~Calm - 2% 3% 4% - A% 3%

Period of Record: Cakland 1965-1978 ‘
: ‘ Vandenberg AFB 1955-1977
Santa Barbara -1960-1954
Point Mugu NAS 1960-1972
Los Angeles Internatxona] 1960-1978
b/ pring: Harch, April, May
uniner: Juna, July, August
37 Fall: September, October, November
Hinter: December, January, February

Source: MNational Climatic Center
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TABLE VI-6

Three-Hourly and Seasonal Resultant Winds

(Degrees/#PHt - Onshare Winds in Parens)

- Qakland |
Time (PST Spring Sumnier Fall Winter Annual ‘
0100 (270/4) (280/6) (300/1) 1002 - - (280/2)
CAQ0 (270/2} (220/5) 020/1 100/2 (280/1)
0700 (230/1) (279/%) 120/1 110/3 (229/1)
1000 (259/5) (270/7) (240/3) 150/2 (250/%}
1302 (270/9) (290/11) (280/7) (260/4) (280/%3)
1600 - (280712)  (299/13)  (290/3) (280/4) (26079)
1990 (280/9) (290/11) (300/6) (320/1) (290/7)
2200 (230/5) (230/7) {300/3) -080/1 (25074) |
A1l Hours (270/6) (280/8) (280/4) (190/1) (280/4) %
- Point Mugu NAS o L
i e . .
j-. Yime (PST) = Sprinc Summer Fall Winter Annual
i 0100 . 323/1 Calm 036/2 033/8 024/1
l 0400 00771 029/1 032/2 036/4 {03072
G700 - 01372 013/1 - 031/2 038/4 029/2
: 1000 (230/4) (235/5) (210/1) 052/4 (23@/2) -
1300 (250/8) (252/8) (248/5) (230/2) (269/8)
1600 - (264/9) (257/8) (259/6) - (279/3) (268/7) |
-1900 (279/5) (287/74) 320/2 001/2 (297/3)
2200 (297/2) (291/1) 002/2 022/3 34072 |
- A1l Hours (269/3) (264/3) (301/1) . 02272 (288/2) w

. ‘T_"'

Source:

 Period of Record: Oakland 1975-1979

Point lluau 1962-1977

National Climatic Center..
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offshore emissions to receptor areas onshore. The table also shows that the
fall and winter resultant winds, whether onshore or offshore, are not stroog'
winds, having resultant magnitudes less than 7 miles per hour at the coast at
all times,

4, Windflows in the Santa Barbara Channel

'Anélyses of airflow patterns in the Santa Bafbara Channel indicate that
emissions in ﬁhe Channel that are not transported to the Santa Barbara or
Yentura County coasts are carrwed 1nto the ‘South Coast A1r Basxn.28/
Figures VI-11 through VI-14,were presented to the Ca11forn1a Coastal
Commission on October 23, 1982, as part of Chevron U.S.A.‘s testimony on the
determination of consistency with the COastal Zone Management Act for proposed
exploratory 0il wells that Chevron” proposes to drx]] in the Santa Barbara
Channel. The flgures present- the airflow patterns in the Santa Barbara
Channel for dayt1me‘and nighttime in-both,winter and summer. Figures VI-11
and YI-12 show that the daytime airflows, both in SUmmer'and winter, will
tranSport.emissions.in the Channel either to Santa Barbara or Ventura County,
or to the South Coast Aio»Basin.. Fféures ¥I-13 and VI-14 show.that the
nighttime windflows in the Channel tend toscarry emissions into Yentura County
or into the Gulf offSanta Catalina off the South Coast Air Basin. fhe
pollutants arriving invthe;Gplf_of Santa Catalinapcan be carried into the Los
»Angeles area as ihe nighttime 1and breeze is reploced'by the daytime sea.
breeze. ' o

‘5.  Atmospheric Inversion

The air that flows around the Pacific high at upper levels SInks
(subsldes) and consequently warms due to air compress1on ~ This warm air above
the cool coastal marine air produces a strong ano persistent vertical

temperature inversion that is a major influence on atmospheric stability.
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JULY. 1200~18Q00 PST

E CHEVRON LEASES P-0331, P-0332, AND P-0338

FIGURE VI-N
DAYTIME AIRFLOW IN THE SANTA BARBARA CHANNEL
SUMHMER

Source: Heteoroloqical Summaries Pertinent to Atmospheric Tranznart and
Disperston Over Souchern calizornia, tecanical Papm ho. 54,
G. A. DeMarrais, 6. 0. Holzwortn, and C. RB. Hoiszr, U.S. Dopartment
of Commerce, 1965. Taken rrom the testimany of valerie Browm,
Chevron, U.S.A., durins the consistency hearings of the California
Coastal Commission on Chevron U.S.A. 5 exploratovy wells en leases
P-0331, P-0332, and P-0232, October 22, 1981.
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" JANUARY 12001700 PST

[ cHEVRON LEASES $~0231, P-0332. AMD P-Q338

Source:

FIGHRE VI-12
"DAYTIME ATRFLOW IN THE SANTA BARBARA CHARNEL
WINTER

¥eieornlugirel Summaries Pertirent to Atmospheric irarsport and
Dispersion dvec Southern Calitoraia, technical Papor lio. 64,

6. A. Deifarrais, G. 0. folzworth, and C. . Holser, U.S. Derartment.

of Comerce, 1205, Taken from the testincny of Valeris Zrown,
Chevron, U.S.A., during the consistency hearings of .the California
Coastal Commission on Chevron U.S.A.'s exploratory wells on leases
P-0331, P-0322, and P-0338, October 22, 1981.
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. JULY 00000500 PST

[ cr=VRON LEASES P~0331, P-0332, AND FP-0338

Source:

FIGURE VI-i3
NIGHTTIHE AIRFLOY IN THE SANTA TARBARA CHANNEL
SUMMER ’

Mateorological Summeries Pertinent to Atmosrheric Tranzcart and

~of Cormeres,

Dispersion Over Scuthern California, Tecnnical Paper Ho. 54,

€. A, Gallarrais. G. U. Holzwortls, and C. R. Holser, U.S. D2partment
1665, Taken from the testimony of Velerie Zrown,

Chevron, U.S.A., during the consistancy hearings of the {iidiomia

Coastal Commissian on Chevren U.S.A.‘s exploratory wells on leases

P-0331, P-0332, and P-0238, Octcher 2z, 1981.
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. JANUARY GO00-0700 PST
B cusvron Lesses P-0331.9~03$2'4uo P-0338

| FIGURE VI-14
NIGHTTIME AIRFLOW IH THE SANTA BARBARA CHANNEL
 WINTER

Source: Meteorological Summaries Pertinent to Atmospheric Transport and
Dispersion Over Southern California, Technical Paper ilo. 54,

G. A. Deilarrais, G. D. Hoizworth, and C. R. Holser, U.S. Department

of Commerce, 1965. Taken from the testimony of Valerie Brown,

Chevron, U.S.A., during the censistency hearings of the California

Coastal Commission on Chevron U.S.A.'s exploratory wells on leases

P-0331, P-0332, and P-0323, October 22, 1531.
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Atmospheric stability is the primary weather factor that influences the-
vertical dispersion of pollutants. In general, the more stable the air, the
more dispersion is inhibited. An extremely stable subsidence inversion
dohinates the California coastal areas and effectively caps the marine layer
providing é ceiling above which pollutants cannot rise. This reduces the.
vertical dispersion of air pollution, particularly during the summer when the
inversion is strongest and most persistent;ng

Table VI-7 is a compilation of seasonal inversion frequencies and
characteristics for Oakland, Vandenberg AFB, and Point Mugu NAS. The table
shows that the mean height of the base of the subsidence inversion ranges
between 600 and 2200 feet above sea level (asl) and is persiétent throughout
thevyear (inversions arevpresent sdﬁe SO percent of the time). The
combihation of a strong persistent inversion and the onshore wfnd;,which
characterize the coastal meteorology of California is conducive to the
transport of offshore emissions to coastal air basins. Offshore emissions are
ducted beneath or within the invérsion, with little disﬁersfon,Uto onshore
areas.

6. Fog

The moisture content of air is anothef climate-related parameter ﬁhi;hb
must be taken into account when considering coastal air quality. FIn the
presence of suspended water droplets, acid precursors such as sulfur oxides
can be transformed into acidic particles. Conversion of s§1fur dioxide to.
acidic particles adversely affects ambient'concentrations of sulfate aﬁd TSP,
contributes to’visibility degfadatfon, and contributes to acidifiéation of
precipitation, cloud and, fog. |

The climatic arrangement of warm stable air over the cool marine

environment that dominates the coastal waters of California produces a

relatively high incidence of fog.EZ/ The frequency of occurrence of fog
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TABLE VI-7
Atwospheric Inversion Statistice &/
(Composite of 4 2.m. and 4 p.m. Soundings}

Oakland

-Spring  Summer Fall Hinter Annya\

Mean
Inversion Top (fr 3s1) 3200 2800 2900 3020 3000
Inversion Jase {ft asl) 2200 1230 1700 1900 1700
Strength (Top Temp-tase Temo)  6°F 15°F 8°F 6°F 9°F

Percentage Dccurrence ; C
laversion 801 - 96% 881 80% 8a1
Base < 3000° asl 58% 94% 714 60% 1%
Base 3‘1000' ast 311 0 47% 4% 43% 414

Yandenberg AFB

Spring Summer Fall Winter - Annual

Mean . ‘ : .
Inversion Top (ft asl) 2900 . 3200 2700 2600 2909
Inversion Base {ft asl) 1700 1400 14090 1600 1500

Strength (Top Tanp-Base Temp) 10°F 20°F 12°F 8°F 13°F

Percentage Occurrence

Inversion 897 99 93r  85% 92%
Base < 3000° asl 77% 9%  85%  71% 837
Base S 1000' asl 402 32%  50%  55% 42

Point Muqu RAS

" Spring Sunmor  Fall  Winter  Annual

"Mean : I
Inversion Ton {ft asl) 1900 . 2800 2000 1400 2100
Inversion Base (ft asl} : 1100 1300 1600 600 - - 1000

Strength (Tep Texp-Base Tewp) 7°F . 14°F 10°F 8°F  10°F

Pe?centage Occurrence } i
fnversion 841 9%% 96% 874 92%

Base ¢ 3004 asi : 131 .. 93% - 8um 83? T 841

8z-e < 1000" as! Y4 474 661 68% 59%.

3/ Period of Record: 1975-1977

Source: Summary of California Upper Air Motecrological Date,
- Air Resources Board.
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(visibility less than 7 miles) at Alameda NAS and Point Mugu NAS, is shown in
Figure YI-15. As indicated in the figure, fog is frequent during the night
and early morning'hours, especially during the cold half of the year in the
Bay area and during the warm half of the year in the éouthern California
area. In the latter case, fog is observed more than 50 percent of the time
around sunrise at Point Mugu NAS. Considering all hours and seasons, fog ié
presént on about 25 percent of the déys at Alameda and on 40 percent of the
days at Point Mugu.

D. TRACER STUDIES

Tracer studies are conducted by releasing known quantities of a readily
detectable, inert-gas into thé atmosphere and sampling the atmosphere for
concentrations of ;that gas in areas to which an-air.barcel could be expected
‘to be transported. The characteristics of the transport and dispersion of air
pollutants and wind patterns can thus be discerned by the tracer
concentrations in the samplings.

During September and October 1980, Meteorology Reseafch, Inc. {MRI}, and
investigators ffom’the California Institute of Technology (Caltech) conducted
traéer studies in fhe Santa Barbara Channel,area;ggf  A detailed summary of
thosé tests is appended to tﬁis report as Appendix H-2. The appendix consists

of the first fifteen pages of the report, Tracer Investigations of Atmospheric

Transport -Into, Within, and Out of the Santa Barbara Channel and the Coastal

Areas of Santa Barbara and Ventura Counties, January 15, 1981.

The MRI/Caltech tracer studies were performed by conducting six releases
of sulfur hexafluoride (SFS) as the tracer gas in and around the Santa
Barbara channel area. Over 2,240 hourly-averaged samples, obtained at fixed
sites along the coast and inland, and about 10,000 grab sémp]es‘obta§hed'.~
during traversgs by automobiles, airplanes, and boats were collected during

‘the studies.
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FIGURE VI-15

PERCENTAGE OF OBSERVATIONS: REPORTING FOG
(Visibility Less Than 7 Miles)

Alameda NAS

éiz

1 Aw -

Ay F ML AG 3epT ecT KOV - DES

FREQUENCY OF FOG

‘Source: National Climatic Center

Point Mugu NAS
0009-0200 P
0300-0500
] .
0500-0200

05001100

12001406
7ot
1520-1700

18002000

Nomq&n . ) //’,/"’T "“‘—-————--\\\\
Joh-—““_‘“'\
T

JAN O FER ‘mAR | APR | BAT SN g AUG ' SEP - OCT. NOV . DEC
: FREQUENCY OF FoG”

Source: Climatic Handbook for Point Mugu and San Nicolas Island, Par
' Surface Data, Pacific Missile Range Report by Robert de Violh

March 1974.

-
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The general aspects of the transport and dispersion were remafkab]y :
consistent from test to test. During each test, a major portion of the tracer
cloud was transported efficiently onshore by the afternoon sea breeze. The
transport of pollutants *eTeased from the Point Conception region was
inf]Uented by an eddy centered around Gaviota. This eddy transported the
tracer material ih a counter-clockwise motion into the middle of the channel,

and then back to the coastal zone east of El Capitan. Over the water, the
tracer was transported long distances with very little dispersion in the
vertical direction. In one case, for éxamp]e, the tracer was transported
downwind over 60 kilometers (40 miles), but spread only 150 meters (500 feet)
Verticallj. Such results clearly indicate that po]]utant'emiésions from
sources located in California Coastal Waters result fn doynwind concentrations
of those pollutants onshore. In addition, these tracer releases indicate that
the air over the otean is substantially more stable than aver land.

A second general feature observed is that the diurnal reversals of wind.
direction associated with a land-sea breeze circulation system can cause
offshore pollutants to persist in the coastal area for long periods of time.
For example, in one test the tracer was released over a five—houf_periqd, and
‘the tracer material was detected at dnshore samp]ing stations located along a
‘coastal distancevexceeding 50 miles. The tracer was detectéd in_thé coastal
region for over 19 consecutive hours. PerSistence, as indicated by,these |
results, appears to be a characteriétic of offshore p]umes,dispersed under the
“conditions of diurna]lreversals in wind direction. Such conditions occur
frequéhtly along the en;jre California coast.

These tests show that, during meteoro]pgica] conditions that existed
during the trécer ;eieases, pollutants emitted virtdéi?y‘ahywheredin the Santa

Barbara Channel will be transported onshore. The tracer tests also indicate
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that, during those meteorological conditions, very little dispersion occurs
over water in the vertical direction and, as a consequence, pollutant |
concentrations downwind will be elevated. The “flow reversals" which commonly
occur between offshore and onshore winds indicate that pollutants released in
the Channel can persist for long periods in the coastal area. At this tjme,
it has not been determined how far inland the pollutants emitted into the
Channel can be transported. However a study by Drivas and Sha1r30/ has
confirmed that atmospheric transport occurs from the Oxnard Plain (Coast of
Ventura) into the San Fernando Valley of the South Coast Air Basin.

In 1977, a.tracer study was conducted in and around the Santa Monica Bay
to determine the fate of emissions from coastal sources in the characteristic
diurnal circulation system in the‘South Coast Air Basin.3]/ SFe was
released from a stack at Southern Ca]1forn1a Edison Company 3 El Segundo
Generating Statlon beg1nn1ng at m1dnlght on July 22, 1977 and ending at
5:00 a.m, that day.  The release of a total of 90 kllograms of SF¢ was made
during.the.nighttfme land breeze. Mon1tor1ng stations a?ong the coast began
to detect the tracer gas being transported back to shore as ear]y as 8:00 a.m.
‘on July 22, Mass balance calculat1ons further showed that the dayt1me sea
breeze had transported al] of the tracer mater1a1 back across the coastllne by
4: 00 p.m. on that same day. The study shows the occurrence of net positive
transport of “fresh" mar1ne a1r into the air basin despite the dxurnal
_c1rcu1at1on system ‘as well as show1ng the recycling of pollutants from the
bland mass to sea, and’back to land-durlng the sea breeze-]and breeze regime.

Another study conducted 1n 1977 involved the use of dual tracers This
study was designed to determine the onshore impact region of emissions from

"vessels operating alongvshipping lanes off the South Coast Air Basin and in v
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the Santa Barbara Channel. The tracer releases were made from the U.S. Naval
. Postgraduate.School Research Vessel “Acania" as it moved along the
Inorthwest-bound shipping lane between Long Beach‘and Santa Barbara. The path
- of the "Acania“ as releases were made is shown in Figure VI-16. A sampling
network was established along a section of the coast between Long Beach and
'Ventufa. Twenty-nine sites were chosen to locate hourly-aiefage samp]éks.
The locations of those sites are shown in Figure VI-17,

The study started on July 26, 1977, with dual tracer gas releases at 0530
PDT near Long Beach and was terminated at 1730 PDT in the Santa Barbara
Channel. Sulfur hexafluoride (SFG) was released at the rate of 80 1bs/hr
during the entfre.test as the reSearchvvessel proceeded northwesf from lLong
Beach to the Santa Barbara Channel 8 to 20 miles offshore.
Bromotrifluoromethane (CBrF3) was released at’50 Ibs/hf between 0530-0830
‘ PDT at the start of the test and again between 1230-1730 POT on the Tast
segment of the route. These two segments a;e shown as cross-hatched areas on
Figure VI-16. | |

Both tracer gases were detected at samp1ing stations along the entire
length of the sampling network. The bulk of the tracer gases began to be
detected about 0900 PDT following the onset of the sea breeze. The measured
concentrations were used iﬁ preliminary caicu]atiohs to proVide‘éétimétes that
sigﬁificant amounts of both tracer gases released offshore returned across the
coast between the sampling network and the top of the mixed 1§yer.

The results of this tracer test support the results of other tracer
studies and the analyses of historical climatological data that show thé
transport of offshore eﬁissions to onshore areas most of the time, and

particularly during the summer.
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E. MODELING |

Computer models designed to simulate, through mathematical equations, the
transport, dispersion, and, somefimes, thé chemical transformation of
poliutants in the atmosphere can Be»used to estimate shoreside concentrations
of pollutants released offshore. However, due to inadequate modeling
formulation or lack of inpui data, models can predict concentrations of
pollutants appreciably different from measured values. In this report, the
demonstration of onshore transport of offshore emissions is based on tracer
sfudies and meteorological analyses.

A series of screening modeling exercises were performed by the ARB staff
and by Environmental Research & Technology, Inc. (ERT) to identify the upper
limit of air qug]ity impacts of sulfur dioxide emi§$ions on receptors ih'the
South Coast Air Basin., The ERT mOdéling was perfbrmed under a contract from
the Western 0i1 and Gas Association. Three.separate #cenarios were modeled by
the ARB staff: (1) emissions from vessels within»the Ports of Los Angeles and
Long Beach§ fZ) emissions from a single ship moving northwest along the coast;
and (3) emissions from a tanker unloading at E1 Segundo. ERT also modeled
scenarios (2) and.(3). ’Both the ARB staff and ERT used,Gaussian.air quality
models and considered shpreline:fumigation conditions to determine the maximum
one-hour onsﬁofe'congentratiqns of sulfur dioxide. For offshore sources, it
Iwas'assumed that a plume traveled‘from a so&fce (ship's stack) to the
_coastiine under stable conditions. At the coastline, erosion of the inversion
layer often Qegihs‘due to the thermal heating qf the ground surface resd]ting.
in fumigation. The diSpersionlcoefficients used by the ARB staff'and ERT,
although different, are based on studies of atmospheric dispérsion over

water. The ARB staff relied on the study results presented in a report
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prepared by the California State Lands Commission (1982)52/ while ERT relied
on results reported by Schacher, et al. (1982).§§/ Details of the ARB staff
and ERT's modeling analyses are presented in Appendices F-1 and B-4
respectively., The fo]lowfng briefly describes the results of the ARB and ERT
modeling ahalyses.

The one-hour air quality analysis of emissions from shibs in the
Los.Angeles-Long Beach harbor area, as modeled by the ARB staff, assumed an
emission rate of 8.4 tons per day of sulfur dioxide for that “area source."
Under a fumigation scenario, the maximum one-hour ground level sulfur dioxidé
concentration, above ambient levels, is estimated at 99 micrograms per cubic
o meter (dQ/mB). This value occurred about 1.6 miles inland from the

shoreline and can be compared with the California one-hour standard of
'1,310 ug/m3. On November 18, 1983, the Board approved a new 1-hour standard
.fof'ambient concentrations of sulfur dioxide of 0.25 ppm or about
655 ug/mS. That standard will be in effect following its appro?éi by the
Office of Administrative Law. |

The emissions impact of a ship moving along the coést was modeled by both
_the ARB staff and ERT by assuming a continuous moving source at varying
distances from the coast. The maximum onshore one-hour ground level _
¢oncentratidh of sulfur dioxide (above ambient levels), ‘as modeled by the ARB
staff, is 7 ug/m3. The ERT analysis shows a maximum estimafed'ground level
sulfur dioxide’céncentration of 5.1 ug/m3. The difference between the two

resq}ts js attributable to differences in the turbuient parameters and model

formulations used by the ARB staff and ERT.
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The third scenario modeled was for a tanker un1oading at Chevron's
offshore terminal at E1 Segundo. The ARB staff analysis shows that, under
fumigation conditions, the emissions from such a tanker resulted in a maximum
one-nour ground level sulfur dioxide concentration, above ambient levels, of
394 ug/m3. That value is oredicted to occur 1.4 miles inland from the
coastline, The ERT analysis resulted in a maximum one-hotr ground level
sul fur dioxide concentration, above ambient 1eve1s; of 127 ug/m3. Again,
the difference between the ARB and ERT results is attributable to differences
“in turbu?ent parameters and model tormulations used by the ARB staff and ERT.
The modeling performed by the ARB staft provides an upper limit estimate for
the worst-case situation. ERT‘argues that the ARB staff applied a modeling
formuTation and over-water turbulent parameters that are not based on the best
avaifab]e theoreticaT and experimental information. However, the ARB staff
be11eves that based. on the offshore meteorology for worst-case conditions and
the 11m1ted data bases ava11ab]e to characterxze over-water dlSper51on of air
pollutants, both modeljng approaches are adeqoate for a screening analysis.
The estimates presented'invthis report prooably represent the range of the
upper limits of;sulfur dioxide.concentrations that may occur for the
oonditions simuTated » .
| The concentrations dlscussed above are in add1t1on to concentrat1ons
| resu1t1ng from emlssions from other sources. The one<hour air qua11ty
standard for su]fur dloxide 1s 1,310 ug/m . On November 18, 1983, the Board
dapproved a new 1-hour standard for ambient concentrations of sulfur dioxide of
0.25 ppm or about 655'n9/m3. That standard will be in effeet following its

approval by the Office of Administrative Law.
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F. AIR QUALITY IMPACTS OF MARINE VESSEL EMISSICNS

There are health-related air quality standards for sulfur dioxide,
sulfates, total suspended particulate (TSP), and ozone in California. There
. is also a standard for visibility. The standards for sulfates, TSP, and ozone
are frequently violated in coastal air basins. The question is, *What is-the
contribution of marine vessel emissions to the degradation.of air quality
compared to emissions from other sources?" To answer that quegtfon, we have
shown that the meteorology of California's coastal areas resu1ts in emissions
from hariﬁe‘vesse1s generally being transported to inland coastal areas. In
addition, the results of tracer studies show that pollutants emittedkby marine
vessels are transported to shore during releases in meteorological regimes
~ typical of California's coastline. To compare the relative impactbbf various
sources, it is common to consider an air basin as a large boxvin whiéh all of
the poliutants become mixed. The re]atfve impact of a particu]ar’sdukce is
determined by calculating its fractional'OE percentage contfibUfion to total
emissions. Table VI-8 compares sulfur dioxide emissfoﬁs'from all sources with
sulfur dioxide emissions from marine vessels in each of the';oasta1 air basins
from San Francisco to San Diego. Table VI-8 shows that sulfur dioxide
emissions from marine vessels range from 8.2 percent of fota] sd]f@r;dibxide
‘emissions in the San Diego Air Basin to 21.8 percent in the Nofth Céntrai
Coast Air Basin, averaging 12.0'peréeht in the coastal air basins shown in the
table. Therefore, using the box model, marine vessels woqu aécbunt for the
 _ same percentage of ambient sulfur dioxide and sulfate concentrétions.
. Because sulfur dioxide becomes, in large parf, suspended particulate
matter, marine vessels would contribute to ahbieht TSP, Assumihg that
one-third 6} visibility reduction is caused by sulfate particies, about 4
percent of visibility reduction in coastal areas is attributable to emissions

from ships.
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Table VI-8

COMPARISON OF AVERAGE DAILY EMISSIONS OF
SULFUR DIOXIDE FROM MARINE VESSELS WITH EMISSIONS OF
SULFUR DIOXIDE FROM ALL SOURCES IN CALIFORNIA COASTAL AIR BASINS

1979
Emissions of Sulfur Emissions of Sulfur Dioxide
o Dioxide from A1l - From Marine Vessels
“Air Basin Sources
Tens per dayv Tons per dayd! Percent of Total

San Francisco 195.9 ©26.1 13.3

Bay Area
North Central 33.0 7.2 } 21.8

Coast | A

South Central 88.8 15.7 - 17.7

Coast : :
South Coast 262.4 22.6 8.6
San Diego 55.9 4.6 8.2
Al of the 636.0 76.2 | "12.0

Above ' i . :

3/ Sea lane emissions were apportioned to coastal air basins by traffic
activity and by dividing the coast south of the Sonoma-Mendocino County
line into 6 zones by extending to the west the air basin boundaries at
the coast and ratioing the north-south distances between those extended
boundaries to the total north-south distance between the Sonoma-

' Méndocino County line and the boundary of California and Mexico.

Source: Air Resources Board staff.
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The précursors to ozone are atmospheric hydrocarbons and oxiﬁes of
nitrogen. Control strategies for ozone have emphasized hydrocarbon
reductions. Table VI-9 compares hydrocarbon emissions from all sources with
hydrocarbon emissions from marine vessels in each of the coastal air basins
from San Ffanéiscq to San Diego. Table YI-9 shows that hydrocarbon emissians
from marine vessels range from 0.5 percent of the total hydrocarbon emissions
from all sources in the South Coast Air Basin to 3.4 percent in the South
Central Coast Air Basin, with an average in those coastal air basins of 1.0
peréent. Therefore, using the box model, hydrocarbon emissions from marine
vessels would account on the average for from 0.5 to 3.4 percent of ambient
ozone concentrations in those coastal air basins. Hydrocarbon emissions from
tangers and barges on a given day can be several times the average daily rate
because of the event-related nature of emissions. Therefore, the contribution
to ozone concentrations would also be several times the average daily
contribution on those days. Hydrocarbons are, in substantial part, converted
to suspended particulate'matter in the atmosphere. Therefore, tanker and
barge hydrocarbon emissions make a contribution to ambient TSP concentrations
and to,visiéi]ity reduction,

The foregoing contribgtions-of sul fur dfoxide and hydrocarbon emissions
to air quality degradation may seem small to ﬁome~réaders,'but it must be
borne in mind that nearly all sources of emissions are very small compared to
' tofal emissions. Therefore, it is necessary to consider controls on all

sources of emissions, using cost effectiveness as the criterion for regulation.
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Table VI-9

~ COMPARISON OF AVERAGE DAILY HYDROCARBON EMISSIONS
FROM MARINE VESSELS WITH HYDROCARBON EMISSIONS
FROM ALL’ SOURCES IN CALIFORNIA COASTAL.AIR BASINS

1979
 Emissions of Emissions of Hydrocarbons
" Hydrocarbonsa/ From Marine Vessels
Air Basin From A1l Sources |
‘ Tons per day lons per dayd/™ Percent of Total !
- San Francisco 767 1.4 1.5
Bay Area ‘ ,
North Central : 106 L7 1.6
Coast ’_ ;
: |
South Central , 182 © 6.2 I 3.4
Coast ;
South Coast 1520 7.8 0.5
San Diego e17. . 23 | . 0.8
A1l of the 2852 : 29.4 1.0
Above ’ ' ; :

Reactive organic gases.

These are annual average hydrocarbon emissions from marine vessels,
Since most emissions from marine vessels are event-related, emissions
from vessels on a given day can be several times the above figures
shown. In developing this table, sea lane housekeeping and breathing
emissions were apportioned to coastal air basins by tanker activity and
by dividing the coast south of the Sonoma-MendocinQ County Tine into 6
zones. The 6 zones were developed by extending to the west the air

basin boundaries at the coast and ratioing the north-south distances

between those extended boundaries to the total north-south distance
between the Sonoma-Mendocing County line and the boundary of California
and Mexico. , )

Source: Air Resources Board staff.
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Santa Barbara County APCD Comment: [ have.éome real concerns that

the Toading of this particular crude or, the burning of high sulfur
fuels or the blowing of boilers at these near shore marine terminals

may impact more than just the reactive hydrocarbon inventory. In the :

coastal counties many of these marine terminals are near the
residential areas and often times are less than 5000 ft. offshore.
In many of our cases, it is less than a thousand feet offshore and

‘numerous complaints are received as a result of loading vapors which :
contain hydrocarbons, hydrogen sulfide or mercaptans, or as a visible :

emission resulting from blowing of boilers or a cold start on a
diesel engine. _ _

Response: The ARB concurs with this concern.
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